Linezolid is an oxazolidinone that has activity against most gram-positive bacteria, including in vitro activity against all Nocardia species and strains. We describe 6 clinical cases of nocardiosis that were successfully treated with linezolid. Two patients had underlying X-linked chronic granulomatous disease, and 2 patients were receiving chronic corticosteroid therapy. Four of 6 patients had disseminated disease, and 2 of these 4 patients had multiple brain abscesses. Four patients primarily received monotherapy; for the fifth patient, linezolid was added to a failing multiple-drug regimen, and, for the sixth patient, it was used as part of combination therapy. All 6 patients were successfully treated, although 1 patient had a presumed relapse of central nervous system infection after premature discontinuation of the drug. Linezolid appears to be an effective alternative for the treatment of nocardiosis.
targeted at the treatment of infections secondary to resistant gram-positive organisms, especially methicillin-resistant Staphylococcus aureus and vancomycinresistant Enterococcus species. However, linezolid also has in vitro activity against some gram-negative anaerobes as well as some atypical organisms [1] .
Nocardia species cause infection in humans and animals. Twelve species (or taxa) within the genus Nocardia have been identified using advanced laboratory techniques. Of these species, the best known is Nocardia asteroides sensu stricto. The latter term specifies that the current species grouping excludes Nocardia nova, Nocardia farcinica, and Nocardia transvalensis, which, in older studies, were not recognized as species and were included in what was called "N. asteroides" or "N. asteroides complex." N. farcinica, N. nova, Nocardia brasiliensis, Nocardia otitidiscaviarum, and N. transvalensis complex are other species frequently associated with infection in humans [2] . Members of the N. asteroides complex (older definition) are responsible for ∼80% of noncutaneous invasive disease and for most systemic and CNS disease. N. farcinica is most often associated with antibiotic resistance [3] , and 150% of cases involve disseminated infection [4] . The relative virulence of N. asteroides complex correlates with the ability to inhibit important phagocyte functions, thereby enabling the organism to exist indefinitely within the host [5] . Nocardia species are primarily opportunists, and infection occurs more frequently in patients with an underlying immunocompromised status. Procedures, conditions, and therapies associated with nocardiosis include organ transplantation, malignancy, diabetes mellitus, alcoholism, AIDS, and long-term use of corticosteroids [6] . Nocardia infection has been reported in patients with underlying chronic granulomatous disease [7] .
Sulfonamides have comprised the cornerstone for the treatment of nocardiosis since the 1940s [8] . Combination therapy with a carbapenem or a third-generation cephalosporin with or without amikacin usually is recommended for severely ill patients or for those with CNS involvement [2] , for whom the mortality rate approaches 50% when a sulfonamide alone is received. New antimicrobial agents are desirable, given the increasing number of reports of resistance to sulfonamides [9, 10] , the relatively high incidence of adverse events occurring during sulfonamide therapy (most notably, among HIVinfected patients) [11] , and the lack of alternative highly active oral agents.
In vitro studies of the antimicrobial activity of linezolid against clinical strains of Nocardia species have revealed that all strains are inhibited by a concentration of р8 mg/mL [12, 13] . However, data from in vivo studies are lacking. We describe the successful use of linezolid for the treatment of Nocardia infection in 6 patients (4 adults and 2 children). To our knowledge, this is the first report in the medical literature that describes the use of linezolid for patients with Nocardia infection.
PATIENTS AND METHODS
Patients with nocardiosis were identified through referral of clinical isolates to the University of Texas Health Center at Tyler for susceptibility testing. A diagnosis of Nocardia infection required a positive culture result for a sample obtained from a clinically affected site. Clinical isolates were tested at the Mycobacteria/Nocardia Research Laboratory at the University of Texas Health Center at Tyler. Species identification of each isolate was accomplished using PCR and restriction fragment-length polymorphism analysis of a 439-bp segment of the 65-kDa heat-shock protein gene, as described elsewhere [14] . Susceptibility testing was performed using serial 2-fold microdilution in cation-supplemented Mueller-Hinton broth, as previously described and recommended by the National Committee for Clinical Laboratory Standards [15] . Table 1 shows the demographic characteristics, clinical manifestations, previous antimicrobial therapy, indications for linezolid use, and outcomes for the 6 patients with confirmed nocardiosis who were treated with linezolid; figures 1 and 2 provide a comparison of the MRIs of patient 1, and figures 3 and 4 provide a comparison of the CT scans of patient 5. Table  2 shows the antibiograms for each clinical isolate.
DISCUSSION
To our knowledge, this is the first report that describes the use of linezolid for the treatment of Nocardia infection. Four of the 6 patients described had underlying predisposing factors, as is frequently observed with this pathogen [2, 6] . In addition, patient 5, who had underlying chronic granulomatous disease, experienced recurrent Nocardia pneumonia (due to N. brasiliensis, followed by N. asteroides sensu stricto), despite receiving appropriate prophylaxis with trimethoprim-sulfamethoxazole (TMP-SMX). A clinical cure was obtained for all patients, although patient 2, for whom therapy was discontinued prematurely, had a probable recurrence of CNS infection. Linezolid was generally well tolerated by each patient (most notably, by patient 5, for whom therapy was continued for 12 years). However, patient 4 developed significant adverse effects, including lactic acidosis and peripheral neuropathy, which resolved when linezolid therapy was discontinued, as recently reported [16] . Anemia developed in 3 patients, necessitating discontinuation of linezolid therapy for 2 patients (patients 2 and 4). CNS disease, a complication for which increased associated mortality is recognized [17] , was documented in patients 1 and 4, for whom a clinical cure was documented after linezolid monotherapy (patient 1) and before switching to an alternative therapy (patient 4). Little is known about the adverse effects of long-term linezolid therapy. The drug is currently approved for short treatment courses only. However, treatment of nocardiosis requires therapy for 6-12 months. Knowledge of the toxicity associated with long-term linezolid therapy, its frequency, and its severity may help determine what role this drug or other, as-yet-to-be-developed oxazolidinones will play in the treatment of Nocardia infection.
Despite the development of numerous new drugs and classes of drugs during the past 60 years, sulfonamides continue to be the recommended treatment option for most cases of nocardiosis [2, 8] . The drug of choice most typically is TMP-SMX [18] . However, the principal reason for initiating linezolid therapy in this case series was a history of, or development of, intolerance to TMP-SMX (4 of 6 patients [67%]). For patients with a history of drug intolerance, desensitization to TMP-SMX is a therapeutic option, but it has been our experience that desensitization with sulfonamides generally has been unsuccessful and that it often has been followed by severe reactions, as demonstrated by patient 6 in this series. In addition, adverse effects of long-term use of TMP-SMX, including fever, rash, myelosuppression, and renal toxicity, are well recognized and are commonly problematic, especially among HIV-infected patients [11, 19, 20] . Antimicrobial agents that are alternatives to TMP-SMX should be considered for patients with infections caused by N. farcinica or N. otitidiscaviarum, which demonstrate inconsistent susceptibility to sulfonamides [21] .
Isolated reports describing the use of alternative or additive oral antimicrobials for the treatment of nocardiosis, such as amoxicillin-clavulanate, minocycline, and fluoroquinolones, have appeared in the medical literature [22] [23] [24] [25] . However, a narrow therapeutic margin or the absence of activity against all Nocardia species has severely limited the use of these potential alternative oral agents. The agents active against most Nocardia species are intravenously administered drugs, such as amikacin and ceftriaxone; however, not all Nocardia species are susceptible (N. transvalensis isolates are amikacin resistant, and N. farcinica isolates are ceftriaxone resistant). In addition, concerns related to cost, mode of administration, and toxicity often limit the use of these agents. For severely ill patients or patients Table 2 . Antibiograms and species identification of the case isolates of Nocardia species recovered from 6 patients with confirmed nocardiosis. with CNS disease, у2 or more drugs, which may include sulfonamides, are frequently prescribed, despite the lack of controlled clinical trials, because of the poor results seen with the use of a sulfonamide or TMP-SMX alone [26] . In this case series, the oral antibiotic options considered to be alternatives on the basis of the results of the available antibiograms included minocycline for 3 of 6 patients, amoxicillin-clavulanate for 2 of 6 patients, and clarithromycin for 2 of 6 patients. Minocycline and amoxicillin-clavulanate have a low therapeutic index that makes their use as a single agent, especially for the treatment of patients with CNS disease, highly problematic. Clarithromycin may have been an alternative agent for patient 6; however, success with macrolides for the treatment of patients with nocardiosis primarily has been reported in association with N. nova (MIC, р0.25 mg/mL). Patient 4 received clarithromycin for 6 weeks before the onset of severe nausea and vomiting, which necessitated discontinuation of such therapy.
Thus, the major limitation in the treatment of nocardiosis has been the absence of a second oral antimicrobial with activity against all Nocardia species. Linezolid possesses a broad spectrum of in vitro and in vivo activity against a range of grampositive bacteria [1] and is available in both intravenous and oral preparations. Brown-Elliott et al. [12] tested the susceptibility of 140 clinical isolates of Nocardia (7 species) to linezolid, including 25 isolates of N. farcinica, 6 isolates of N. transvalensis complex, and 4 isolates of N. otitidiscaviarum. By broth microdilution, the MIC 50 and MIC 90 for all species other than N. farcinica were determined to be 2 mg/mL and 4 mg/ mL, respectively. The MIC 50 and the MIC 90 for N. farcinica were both 4 mg/mL. Vera-Cabrera et al. [13] examined the activity of linezolid against 25 strains of N. brasiliensis and obtained similar results. Susceptibility breakpoints have been suggested for linezolid at an MIC of р8 mg/mL [12, 15] . To date, no Nocardia isolates with an MIC of 18 mg/mL have been reported; therefore, no resistance breakpoints have been proposed.
CNS nocardiosis is associated with significant morbidity and mortality. A number of recent reports have highlighted the excellent penetration of the CSF by linezolid after intravenous administration of the drug every 12 h [27, 28] . Villani et al. [27] reported the CSF levels of linezolid in patients with grampositive CNS infection. In the latter study, the ratio of CSF and plasma linezolid trough concentrations always exceeded 1, and of more importance, the CSF linezolid trough concentration largely exceeded the MICs of the gram-positive isolates being studied. Similar data concerning Nocardia CNS infection are not currently available; however, patients 1 and 4 in the present series demonstrate the efficacy of linezolid for the treatment of CNS nocardiosis.
Given linezolid's excellent in vitro susceptibility profile against a range of Nocardia species, its 100% oral bioavailability, and its successful treatment of the 6 patients described in the present study, it would appear to be a valid alternative for the treatment of Nocardia infections in cases in which TMP-SMX has failed, where its use is contraindicated, or where a second agent is indicated. The drug may also be especially useful as initial therapy until susceptibility results for other potential agents are available. In addition, the cytochrome P-450 enzymatic complex neither participates in linezolid metabolism nor undergoes induction or inhibition by linezolid or its metabolites, making drug interactions less of a concern. The latter is particularly beneficial with regard to the treatment of patients already following complex medical regimens, such as patients with HIV/AIDS or organ transplant recipients. However, a potential disadvantage to prescribing long-term suppressive oral linezolid therapy is the cost (∼$35,000 for 12 months of treatment, on the basis of twice-daily administration). In addition, the adverse effects of long-term therapy have not been fully delineated at this time. Therefore, although linezolid is a welcome and useful addition to the armamentarium for the treatment of nocardiosis, at this time, it is an excellent potential second-line agent.
